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Figure 1: A finite automaton M; (on left) and a finite automaton M (on right).
1. Define:
Anra ={ < B,w> | B is an NFA that accepts input string w},
EQppa ={ < B,C > | B,C are DFAs and L(B) = L(C) }.

Recall that DFA (respectively, NFA) stands for deterministic (respectively, nondetermin-
istic) finite automaton. Answer the following questions (for M; and M given in the above
figure) and give reasons for your asnwers.

(a) Is < M, babb >€ Aypa ? YQ}\ M| Q(,Ll()'}! baéé

(b) Is < M, abba >€ Aypa ? NO' [\l\\ Aow ne o\(,C"(DL C\LL@,

(c) Is < My,abb >€ Aypa? YQA. MZ QQUFJ‘J @LL)
M, atuphs acabb.

(d) Is < Ma,aaabb >€ Anpa? Y(’,J .

No. My s MCJ[ « DFA,
Voo LLM) = (M),

(e) IS < M],M2 >€ EQDFA ?

(f) Is < Ml,M] > EQDFA i

(g) Is < My, My >€ EQppa ? NO‘ MZ ' & ner QA BPA
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2. (a) Consider the language
C = {< M,w > | M is a DFA, and some string of L(M) contains string w as a substring }

Is the language C' decidable or undecidable? Prove your answer.
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(b) Consider the language
D = {< M > | M is a Turing machine and there exists a DFA A such that L(M) = L(A)}.

Is the language D decidable or undecidable? Prove your answer.
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3. Give an implementation-level description of a deterministic one tape Turing machine
that decides the following language A over the alphabet ¥ = {c,d}. The number of
occurrences of symbol ¢ (respectively, d) in a string w is denoted |w|. (respectively, |w|a)-

A={wes | < wla<2 e b

That is, in strings of A the number of occurrences of d is at least the number of occurrences
of ¢ and at most 2 times the number of occurrences of c.
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4. Let

TWOm ={ <M > | M is a deterministic Turing machine and
L(M) consists of exactly two strings }.

Without using Rice’s theorem show that TWOry is undecidable.
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&cdddwom C°"”L““Ol deidy Q For A'TM :
bl = 04 }/\/gu?l‘ ‘</\/JJW>
! Cékr?lrtc} JQGJ(/ TM N;
N: ” O ;/‘f/Jv}l X:
[ If x= G of XFRG (aéZ)l ,,;(-_c[/a)l’
Zl S"M!/J&J'Q M on W/ /71\ ﬁj QCCIF#J} 4(61/_‘))[.
1Y Vtvfcﬂ : mJtc?Le
2~ Q\m P é/\ N ). H\ IOCLCUFJJJ VCJQC)[-
H\ p V&;juz‘f'.fj Qc(cp“i h
EXP)Md;o/\ \Nl\j 7LL"—1 werky: |
P (i) s, Hhoo LOVI={aaef ol VD€ THOM

B (M ehm Hhun LV = EX 00 <D T,




Zo )3
CISC-462, Fall Qamiid a7

\g:i ¥ (a) (7 marks) Let T = { (4,k,m) | 5,k,m € IN }.

Show that the set T is countable.

Al e o T esh be Johd o fllws
Lol (L)
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3. L’u“ \l»ﬁf/u (:)L,‘“

) where i+(t-rw. = It
) whue 4kt =5

| y ' whue 17 =Y42
S‘Fay X Lid \H'/o/u (J,[z)w\) hue L‘H"\

All o lements 07[\ T CPPSSs on 4éo(/e /iﬂz.

(b) (3 marks) Are the following sets countable? For each case circle the correct answer
— no explanation needed. If you circle both YES and NO, it is considered a wrong

« The set {0,1}~. @ NO

« The set of all subsets of {0, 1}*. YES @

« The set of all finite subsets of {0, 1}*. @ NO



